Courtesy Copy of Reference D38 as cited 
on pp. 146-147 of reference Gl 



HEPBS 10 tpH IX ia^2*S mOnn). Ai the aid of tht rtainiJirit (hr cdTi conimi 
jupimetf mda virml control lata rrccnding pipertc and eitpdlcd inio i tEst tube 
where revene ommcriprian performed in a dnal volume of Id |iJ [rr£ [61. We ihcu 
pcrformid two rtfpa of tnuJdplcx POL The cnniplcnKiiajy t^^f A* pnsmi ui 10 |iJ of ihc 
reveisc trutoipiion naaion md eumapondtnj i& CADfiS^ CAD67, ChATmd entc' 
phaliti WOT fim amplified Bmulfcineomijf uring the primer p^jji prrviouify 
dtscribcd^"'^. Tail polymeraK Peridn Elmtr-CeTui) md JOpmal of eich of the 
primers wmsddai to the bunb tupplicd by the imnu&ctunar (final voluiiu^ JOOiU) ind 
cyclcj t*4'C 60 'C 30 1 77 X. 35 1) of PCR ™ tun. We thmamtd out irtcnd 
ruujitb of PGR uiing 2 ofihs fiis PCR produa ** tentpUit In thii «a»fid roim^ twb 
sDNA wai individually ajnplified ming in q>e3dific prima: pair by perfbnninj 35 PCR 
ltcIcl We then ran ID^ of eadi indh^idinl PO rciatott product on a 1.5% a^arov gd 
uring 1^11174 cEigatfid by HoeHI ai nurfcers for rdatj w mdeeuJxr nun and luoicd with 
ethidium bronude. Cenomk DKA unpHScaUanit which cvt omu- W;cn iht nuckus u 
Karvcstodt, can be otsl/ difTcmTdatcd from cDKA unp^ficaiiam by x rise airerion. 
IniJiTcil Tor primer the tcmc intisense prunen irc paitdotittt on two 

Hnimd i« NbTOjbrt Kti^iri ) Mwdi 3000. 

5. Shrria ^ L Btrw^Trii 1 L TbftoIiiML F. fcSjpcC tniwviiiiiftarhiaimjriM^Vtvt^TT^rmnv 
fl^luy Mun>iti CAS/erpc *id pihnuKiik 

6. Styiirttiiiik, R_AlanL K*Sitiainpf.T.L ft Mri^fttt,^ 

7. Simadt;ltLfcMtCwfcr.tL W. iaflrtimrOTC«iiJrrf(/Wd^f 
I, MtCiSimkLaA.itBiLT.Slrr;r«k!imttotaaliinc^ 

10. ton^ P. OcnwinI, D» tUmpcCk C Botuud. (Lit Luppl. P. -H. GABAttik pc;rt£wni ii» 6e 
raifnoaBuLu pttoplic ktce «nd nibttinla inonuiua m thr rvL NcwntKt /t^irr. Zi^ ttHft^ 

of «to|r^Iq)CTdntf knic randi^^ 

ihriocuacoenirai aod the Rolrabtml In the m^Hrwud.J\£L 19,3^S0 (tM^}; 

It. Dodi, K. tl & Ziql^xlubcTpi, W. bifnurd -ridlcc^iikimcapf; A tiew took it ncuiXHuf Jtniaulx 4lid 

tL Lunbottx, tt^ AiuUnu, Bocbet, 1^ Cirpd, K ft Riaun, AMTA. irarpur ffibuniu tx^itmcd by 
brpudr^ilunptivl KT^PCRtl the tiftfUcd] itrd. Nbi/KAoa JntX U?-l>£ 

19. Ptinft.lT. p «l JWeaw ocationofwtqfpevof Motanita] toimMraonj brJt3ct>i|j4c mrpUMv /. 
Nmrvsd. it. iilB-SUS (IWtJ. 

20. Lii,. i;. Sblnjmiual J*. ASitpef, C B. Retiiaj [npui to tbttldr^^tarrr vcntnlitcn) pnoptk oudeui ia 
the riL ^ftttmuuRor f 2»-l U 0 W«l 

2 L CtaU. 5. L At C B. £(£acAl tiUlxcUctm frcm the 

prrapti; owtm Ut tbr qt^kuwi 7«JJ (Ifn}- 

feixi dU^nninni) of Don-dboUntipc cvdnn baulu a^untb bran. NbtniJt.cparr9,$S.*{3 

U.CKflnLW.H.M»ibnArpn3pdlxa «t oil tyfxs withb |UJneip^bmIf(H-(bniaiMdtiliL%iuiL 

Mwcp^/wt 59p ISW-lfill { lf«)L 
JS. Gonrfpwu. ft ^ Rriner. f. IL RaleofliesfbAfpeipohmaMno m ront^ 

J7, ftMtiT, L T. ff #1 Piflpcnk* &fb(polw VJPnpc towmmrwttund ilwi/ laatsiio&bjr pyrcnidjJ 
ariraiuia the nt rtnKaftcx.£ur./. Nrarasi 1(l,Ut7~3AU [S^K 



Acknowfedgcments 

We thank L Bcniheim. N, DcnuuroL I. J* Dreifiiu and D. MuScr fq r btipfiiJ commenu oa 
Uie cunuKripi vtd D- Muiuni far trchnica] auiitancc Thts mujy wu wppontd by 
Kmu froiti the Swi» Fonda hUu'oiul to M-M* and a Fnaidh MiNKT fcDonflhip to T.a 

Corrcpondfijcc imd mjtitio for tnti«ii3i ihould be iddrracd lo hLM. 
(t-nuib michdjnidil£rthiia*rtJtdtda£,uijj£Lii). 



letters to nature 
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B ctHs art biportant m iht develop]}) ent of auioimmtme dis- 
drders by mechanisms invojviwg disirgolatcd polydo^al B-ceB 
activatioiu production of pathogemc antibodies, a«d co-stimulatioii 
of autoreactive Tcdis, iTNF4 (BLyS, BAP F» TAJLUl, THANK)'-* is 
a member of ihe tumour necrosis factor (TNF) Ugand feuuly th^t 
ii a potent co-actmtor of B ceils in vitro and in v/va'^. Here we 
identiffr two receptors for iTNF4 and demonstrate a relationship 
between tTNF4 and autoimmmic disease: Transgenic animai? 
overtapressing zTt^4 in lymphoid cells develop symptoms 
diaraaeristic of systemic lupus erythaematosus {StE) and 
expand a rare population of splenic B-ia lymphocytes. In 
addition, circulating zTNF4 is more abundant in NZBWFl and 
MRL-iprApr mice during the onset and progression of SLE We 
have identified two Tl^ recqptor family members, TACI* and 
BCMA'^ that bind zTNF4. Treatment of NZBWFl mice with 
soluble TAG-lg fusion protein Inhibits the drra!opttie«t of 
proieinuria and prolongs survival of the flnimnh, These findings 
demonstrate the involvement of zTH¥4 and its receplojs in 
development of SLE and identify tACl~Ig as a promising treat- 
ment of autoimmune disease in humanSf 

^TNF4 vm identified in a human-granuloq^c^derived comple- 
mentary DNAlibrary by homology with other known TNFL'gands', 
Soluble recombinant zTNF4 stimulates proliferation of human B 
cells in synergy with other B^ceil activators* augments tmmunogJo- 
bulin production, and upregubtcs erpressSon of ccU-surface mole- 
cules involved in B-ccil cfTecior funaion (refe U 2 and data not 
shown). Recent studies demonstrate that expression of BAFR in the 
liver of transgenic mice, rcsulu in lymphoid disorders and auto- 
immune mantsfestations'. We obtained similar results expressing 
zTNF4 in ti^igenic mice using a lymphoid specific V„ promoter"* 
and B}t. enhancer" {«TNF4-TG). We identified expression of the 
transgene in 15 founder animals by polymerase chain reaction with 
revcise transcription (RT-PCR) and a zTNF4 enryme-- linked 
immunosorbent assay {FUSA} deteaed increased levels of drculat- 
ing iTNF4 protein in these animals (data not shown). Flow 
cytometric analysis revealed a marked increase in the proportion 
and total number of B220* B cells in the spleen and lymph node 
relative to i^ntrols (Fig, la) and an inaeased percentage of 
syndecan* plasma cells {Rg. lb). However* there was no apparent 
effect of zTNF4 overtxprtssion on drvdopment of B220* IgM" 
progenitor B cells in bone marrow (data not shown). The total 
number of splenic T cells in the transgenic animals was normal^ but 
the CD4* and CDS* T<ell populations displayed an activated 
phenotype defined by decreased levels of LECAM-i and increased 
CD44 Cdaia not shown). 

We analysed the levels of imtmunoglobuHn collected from 15 
foundere and 9 of&pring ranging from 6 to 23 weeks of age, and 
determined that the amount of both IgM and IgG devatcid at 
least threefold in over 50% of the animals *esled (IgM increased 
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ruDrc than IgG), igE leveU were also increased in 16% of the senmi 
samples from the mice {Fig. Stgmficantiy. several 

older 2TNF4-TG animals developed high titres {1:1,600) of antj- 
double-stranded (ds) DMA amibodies (Fig. kj, proteinuria (data 
not shown) and glomertiJoncphritis (Fig. Id)^ suggesting thai 
unreguialcd expression of zTNF4 can conlribute to the develop- 
meni of SLE-like symptoms. 

Thus, the phcnotype of mice is siimlar to that of BAfF 

transgenic mice*. Unlike BAFF transgenic rnice^ zTNF4-TG mice 
also contained elevated numbers of spienic B-la cells {CDS*, 
and IgO'^) (Fig. lb). This B-ceU lineage is thought to produce 
predominantly sdf-rcactive IgM antibodies and repn^nts only a 
small fraction of spjenocytes (0.5%) in normal mice". We also 
identified a population o( CD19* B cells (10-15%) in thymuses 



&om 3 out of !5 £TKF4 founder (Fig. lb) that may represent 
crpansion of resident B ceils or recirculating peripheral B ceils. 
B cells were found to accumulate in othtr tissues including the lung 
and small intestine (data not shown). 

To characterize the assodation of iTNF*i with SLE further, we 
measured zTNF4 protein levels in serum from NSlBWFl and 
MBL'IprApr mice: Both mouse strains develop chronic, sponta- 
neous autoimmune disease'^ As a basditie» serum zTUH was 
measured in female MZBWFI ammals before onset of disease (10 
weeks of age) and then measured during disease progression 
(Fig, 2a). An average thrtefold increase in scrum zTNF4 was 
detected in 20% of the animals at 14 weeks of age^ and reached 
sixfold over baseline in 100% of the animals by 24 weeks of age, 
zTNF'* levels were highest (ninefold over baseline) in animals with 





RguTB 1 zWA transgenic anijnais dsvelopa pha^jypechai-acterfetjcal SIX a. The 
totsd nuitter of B22r iyn^jhxytes viias detmi^ 

sDrtH^ ^AC^ tn cefl siispensiDns prEpaiEd frcni ^pJsen and msssnteiic ^ym/jh nodes. 
Each baf repJEserte liaS frtsii ircfiviM con&ot mice (open to), iS-vreek-dd zTKF4 
tramgEnic tiW4-TG) founder ERimals {shaded isarsj and 1 1 -week-ofeJ Jransgenic 
offspring (haJctiDd han^L b. Cells were isoialsd Um tymjih notte pop), ^feen {middte), 
aJHl IhynftiS [tottonij fnxn iTNR-TG or cof^ 

iniScsted ajtSbocEes, Data are r?presemaSve ot 1 1 ifttfividiia] iTNF4-TG (ountfes, 3 



offspring and & cortrt^ mica analysed, c, IgM. igG and igE and Bnli-<isONA tiJfEs wefe 
assayed t)y ELISA in 23 seitim sainpias to 14 zTHF^TG hJumter animal rangj^ fnjfTi 
6 b 23 we^ dl 3oe. and fnm 12 age-matdied Irttemate ajnN antmals [Co), d, Kidnsy 
sections fm\ 15^iveek-{3i^^ contral (iDp) or zTNF4*T6 fioHiim) were stained with 
tanatoxyfei and eosia A^tytotd {teposithm and thtifefied mesangiuni of ?3ie glotnendi 
(G) wsJB idantiffed. AJspresentative dJ ^ ZTNF4-TG totters and d 12 axitrtJimice is 
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markedly increased titres of ami^dsDNA antibodies and devajed 
proleirturia (a 2,000 iisgdl"'). In contrast, scrum zTUVi was not 
clei.-3tcd in the healthy NZS/B parental strain, even ai 30 weeks of 
age. MRL-//>r//f r mice are a more severe model of SLE than the 
NZBWf 1 strain, and rapidly develop autoimmunity and profound 
lymphoprolifcrativc disease**. Serum zTNF4 was increased in 
diseased MRL-lpr/ipr mice compared with the amount detected m 
healthy 11 -week-old MRL/MpJ mice (Fig. 2b). However, the relative 
increase in zTNF4 was simihr in both NZBWFl and MRL-/pr/?pr 
strains when comparing healthy controls with diseased artimais. 

The receptor for zTNH appears to be expressed picdominantiy 
oa fl cells and on activated T alls*. Biotinylated kTNF4 wa5 found to 
bind to almost all mature CD19* peripheral B cells, weaJdy to 
immature B cdis in the bone marrow, and to most transformed 
B-ceU lines, including RPMI 178B, Rajt and Ramos (data not 
shown). A cDNA expression library, prepared torn RPMI 17BB 
messenger RNA, was transfecied into COS? cells and receptor- 
positive ceOs were tderttified with iabcUed aTNF4. Two orphan TNF 
receptor family members, TA(T and BCMA*'", were isolated. TACi 
is expressed on B cells and signals ihroygh CAML, activating the 
transcription factors NF-AT. AF-1 and NFkB*, BCMA is a B^ceU 
maturation antigen that is thought to be an intracellular protein''". 
Alignment ofTACl and BCMA sequences reveals significant homol- 
ogy between the two receptors within the proiotypic cysieine-rich 
domains* {Fig. 3a), but not wadi other members of the TNF receptor 
femily. zTNF4 binding to other TNF receptor family members was 
tested using surfece-cnhanced laser desorptlon and ionization 
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BB«fe 2 AnK)utf!i;*zW4proJetnfe increased in se^ nuce 
and MRL- War^nioe. ^ MoantaxxJ/ tte, pratetnyria and iTHF4 tevsisiwre measu^ 
inSSHZBWFi nice ranging from 10to40w«J(soldfi)pencirciesl.andtEn30^vrteh-oW 

caitlirf riiae pilsd squares). Peaa^ 
^1:100 {top panel) afsSprnfeimjiiaalOOmgiT' {middte panefl are sftown (eac*i cijcfe 
andsqifflrerepreserrtsanarer^rffh^totenmbe). Amounrt of zTHF4 fMotetn was 
measmtd h a tapUiTE 8^ anti is presented fis feia^ 
KZBWFi moyssiijpet^cirdesj and mntralN2B/a mouse {{jpenscjiaitsi). b, Piutslnoria 
(upper pa;isp and aimxml d iW< {tesws panel) were m easured in ssim fr»n 23 
MRL^MarrniceaiagesiB, IBanrf 13 weefe antfftowi 10MRU?/pJcon&cimicesl 
1 1 wesfe Apprtromate aniaints ol zTNF^ pral^ h HZHWFl (0.1-2ng mT') and 
MHi^ tir^r {1 - 1 0 mr') semm wem tIstErmined ussig a human iWA sJa/iML 



(SELDl) technology. zWH hiled to bind ! i out of the 19 known 
human TNF receptor femily members including CD^O, pS5 TNFRl, 
p7S TNFRJI, Fas, TRAIL Rl , R2, FO, R4, OPG and HVEM (data not 
shown). 

Specific binding cjcpcriments of *^-labeyed zTNF4 were pcr^ 
formed on baby hamster kidney (BHK) iransfectants c^cpressing 
either TACi or BCMA. Scatchard plot ainalysis revealed that lACt 
and BCMA bound labelled ligand with similar dissodaiion con- 
stants{/:d): 1.25 nM forTACl and LU nMforBCMA(ng.3b)-This 
result indicates that BCMA can be expressed on the cell surface 
under these transfection conditions. Soluble versions of TAC! and 
BCMA were made by fusing their exiraccilular domains to the Fc 
portion of human IgG! (TACI-Ig and BCMA-Ig). These fusion 
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tor five days and then assayed for ceB posfilefatfen by ^-IhynaiJine rKWporaSon, 
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protfitm prevented zTNF4 binding to human B cells (data not 
shown} and CDmplfteJy inhibited zTUH stimulatory activity on 
human B ceils rn vitro (Fig 3c) and an murine B cells (data not 
shown). 

To detemune the effects of TAQ-fg on the progression of SLE. 
vre treated Zl-weefc-old female NZBWFI mice (1$ mice per group) 
three times a week for five weeks^ with PBS alone, or with ! 00 fig or 
20 ftg doses of TAQ-lg oi Fc coniroJ protein. Treatment with 
human TAC!-Ig {lOO^tg dose ^np) delayed the firequency of 
proteinoiia as defined by a marked reduction in the fi^ction of 
animals with proiebiiria ^ 100 mg dl"' for up to 10 weeks after the 
last treatment E?<0.01 by x'-test) (Fig. 4a}, There was also a 
noiiccabte but less prominent effea of TACI-Ig at 20 fig per dose 
on the development of proteinuria. TACI-Ig treatment (100 fig per 
dose) increased the survival of animals, with 100% surviving at 38 
weeks of age (12 weeks after the last treatment) compared with 47% 
survival in the equivalent Fc treatment group (Fig. 4b). Examina- 
tion of anti-dsDNA titres revealed no significant difference in 
autoantibody Jcveb between the different groups (data not 
shown). Although clevared scnjm levels of antibodies to nuclear 
constituents is a hallmark of SLE'\ there is dear evidence that 
supports the role of B cells in disease progression in the absence of 
secreted immunoglobulins'^, Allemativeiy, a longer course of treat- 
ment with murine TAQ-ig may be needed to suppress autoanti- 
body litres. 

Several mechanisms could contribute to the snppression of 
dUea^e in the TACl-lg treated animals. To identify potential 
aherations in the lymphoid compartment of the TACl-Ig treated 
SLE mice, we determined the percentage of peripheral blood B celii 
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ig a! 100+10 per dose pedlrfaiigJs:^ or 20 iifl per (open trrang^^ 
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(CDr-. B220^), T cells (CD5*, 3220") and monocytes (CDlIb* 
B2201 by flow cytometry at 23. 31 and 37 weeks of age (Fig. 4c). 
There was a significant decrease (P<O.Dl by Student^s Mest) in the 
perantage of peripheral blood B ccUs at 28 weeks of age in animals 
treated with 100 jig per dose TACI-lg (decrease of 53%) and 20 
per dose TACi-lg (decrease of 32%) compared with percentages of 
B ceils in dose-raalched Fc controls. This reduction in B cells 
persisted five weeks after the last treatment (3! weeks of age) in 
the high dose TACl-Ig treatment group and returned to levels 
found in the control groups at 37 weeks of age. These results indicate 
a role for zTNF4 in maintaining peripheial B-ceU populauons that 
have a pathogenic effert on the development of renal diseases 

B cells play a significant role in the dcvelopmeni of autoimmu- 
nity^ through B-ceH activation, production of pathogenic antibodies 
and co-stimujation of autoreactive T celk zTNF4 is a potent 
moleoiie* capable of stimulating B ceils and driving B-oil differ- 
cntiation to a pathogenic state. Understanding the regulation of 
zTNF4 expression and the biology of its rcaptoi^ TACl and BCMA, 
will be important for understanding B-celi development in the 
normal animal and during disease states. Q 



Recombiiant protdns 

To pittiucc jalubfe tTKF4. a pNA fragment couiaining the jisjumra for the yeast ijpb 
foaor ptt-pTD fodcT, t FUg epitope, tnd ihc citiaaUuUrdonmB InsTdat JiU2aS> of 
iTNFl Kudotjed eJowratnamof diE AUCI prtsrour into t utodifioi htm of ihe Pichui 
methaiialua etpnasoti vector ^CZHiU {ret IB), Protein wm punBed fnm ycatt 
fmncnu on an aiui'Fbfi affimiy columiu DMA encoding the ntntdluUi donuiii of 
htttmn TAO ^ret^d^lc fcf. 6J or BC3vtA {reridtij Mfl, ret: 7| w (med lo the fc 
ncgtca of hutnai Ig heavy dain yl by PCR and donrd inio 3 Kamtiaiian e^r«sjOrt 
vtsior uring ihr CMV ptamptCT ami tbr TPA pre-pfOp«rptidc irqumcc Pwtemi wtit 
ptuified by Pratdfl A chrottutoErapKy Bnm mpenuatia of traruifcctKl CHO DGm ixDi 
adaptrd [flift prottin-frec medii (life Tedinalogy bic). 

Cdlcutfum 

iTtiFi KimclatioM wcpcrfoimed uxinthumifl & ceflj punfid from donor p<mphcnl 
blood nwnontidar cc2i by dtpktion of CXMy tdb mttti Mti<m3 majntric haJii 
fwatcoyi). Cdb (I X 10^ wcTc tulturtd in RPMI I HO mtdiom. IMt FCS *nd t 
fiytHniM ift round bonom 96-^ plaua (Cominj) with iTNF4, inti'IgM tSouihstn 
Bioliduioloiy] wai {Phirram85n)aiaaciib«iin thefisujtlcimdt ftamoi»iUji and 
RPMr (TBfl wcir putdased fmm ATCC 

Transgenic mice 

HicminjcctjoTu wtnr performed by randiid mdhwioloBy on B6C3F3 fcnitiiEa ovu with 
* conitnict contumng Uw J^V„ prt>m«sT ind cnhinccr jplited upsrcanf afihc 

ISS Entnsn foDowcd by d]tiTNF4 open mdin^ (buic jnd a human growth 
bornioac polpdcnyiidaii ijgnil jctjucnar*"'-*'. Tranjgtnic ttumh were badtOTnised to 
CSTBLTfi Dijct (lAX). TmuBcnc eqifesiior; vm mtinired in ipiesai and chytDtu RNA 
nmplcs prepared tatptj RKtasy mlni-Jdi (QiaBcn). Sampla of ton] ttiiK 125 ng) weir 
analped in dupitcate by (jtwutitative RT-IO wia| oJipTBudcotida tpiw tht htiman 
Smwth bormont y uniWHbtcd regjofl. A Gene Amp 57Q0 tcquenct deteaor (Pedtis- 
Bnw] TOiucdtoquandtatethc PCRrtacUoiu compwtd with i itandani nirye 
contututtj hCK RNA. SiuglwiU msptiwions from tniagenic tyfttphoid tinuB wot 
prtpartd tM teuijrtcd on a FACSCalHsar ikrwfTTomaer (Btaon E>idtiftHMi) imng 
jaluradng amotifltj of Uk appropriatt STTC-. FE- wKJ/or TriCobur {fO-WJW«cd 
moBodDnal antibodies fPhanningcn). 



AnM studies 

FrniaJe NZBWFJ mm wen punduued frpm J AX. The animab wtit [nDni»<wrd fcf 
dcvdopBifnt of pmttinuria every Oro weclci and temm wu calfccted monddr to mewurt 
anri-diDftt annbody tiirtt Mo Aidity wij dwcked thm limts a week and daSy iJw 
pfutdnurii irvtii reached iOOOmgdT*. 

Antlhotty BJSAs mid pnrtElmifta 

Muiint sinati irnuitmosiobuliM were quinntaicd by itindjud EUSA trchraqaa tisinj 
apturcantibodicj goax anti-IgG iKjAegaaid and PEjry)^ gtat and-tgM {Zjmei) or goat 
anti'I^E lPhafmin|cn). Capmmi mouie Ig wat darned using hoocntdijii pmniduc 
{HKPMibdJed goat ind-IgC. iwi-lgM Uscksua) and ami JgE ^PhafimneaiJ, And- 
di0flAtntibodiowcmcMurEd*oanaphuicD3ttdwtdipoly(dWTJ {Sigmajdeterted 
with KEP'bbdled goat inri-moiue fgC fc (Cappd). The pmeiTtt of proittm in moujc 
orint waa mnajurtd ming Vtvox (Ama). 
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i iThJF* wij datcicd ia i toImdon^pJuit cajHtirt Utty divdaptd far the Ori^cn 

w« afHnijy pmifiwl indbiouiiylitcd was inoitaitd for twohoun n iO'C wjih undDuud 

fTXJuit mum tunplH or » iTNF4 rtmdird curve diJotcd m:& tioimaJ ttiovae imun. uid 
I 1 ^5 mP or 1 ruteyiiicd tonjugiic of the tnnbod]r. StTtptavidia Ubclled badj v«t 

added 1 fina] concicntntson of OJ mg mT^wid yimbaint far 30 mk xt room 
[ Jnnpertiutt 711* aropla we aruljrMd qh ihc Oiijen 4nal>t«T and reponoS ai 

dectro-^hnmUuniiitJcencc (ECL) uaiit 

J cDKA wM pnepiird irom RPMI t7tt «{b (ATCC} and doncd into »n ctpnasmn vedpr 
{pZFT). THi LTirstfy often million cDNA* tmuTreted imo COSJ t^AhttH h, the 
cdli wHt filed*' wid probed with zTNF4-biodn, foUowed a itrtpUvrdin-HRP 
I coijjugate, tiwi [htn incubated vith wi HRP^tirramidi iiihnaic to vSenufy ttapiar^ 
poritive crili. Indmduil pmaivt ccCj wot rtcovctd by micro-dmeaiDn. PUsmi^ DMA 

rocuKi from dctufgctit cittku and uitd to tmufonn Ejdwvlna coH Tndividua] 
plaimidJ wit trard b/ rt-ifttiifnaing C0S7 «Gi itnd probinB wrih the tJU¥4 pobc 

Binding assays 

Human pmirm wu lodinawd u^tK "*I-N> lAmmJamJ uiing Iodt>^bead* 

mtrce) aad pwriJitd on i Sfphadff G2S PD-m Dilumii iPhanmdu). 6HK irjoifcmjiu 
npfoiinB dihcrTAQ or BCMA f2 jc lo' ccQj} wtrt incubacd for two hou» m 4^ with 
dxtuaam of "l-tabcScd TNRj <iptdfic zttivity 5.? x iD* tpm per pimmdcj in the 
prewnce or abatna of 20-fcJd ctaaa uaJibdJfd tTNRi, *»whcd »nd meuurcd ui i 
Ezmmi countcx. 

I iUoivnl 7 Minarjr; ao^ixcf U M^Riti 2000. 



luiBM otaaa taor itcqrtor «ip«l5uBily, Jdmcr Jn, l3J^t4l t(W?J. 

t(*:lfiHi}afi,1il») uimlDwxui to I nu%nuii T tdj (rmphcaa. EU30J. ii. MV7-3SOI ( I WJX 

hrtrtta Uttor rfftpw taperttruSr. (jit ImrtnBijjt 10. I653-17C3 ( 

Ulrral«3i, cnnijtictMioiL ind tJraih. Crfl Ji, 959-963. 
It Bodn* S. E d ol Cfdui Oi ir«oia« b^iwla Ijrraphocyie joimwicn imJ a)tbl»mEi Ui 

tpnphoinifrtiCTii will, ihe mjr |rac £MeCJ A li^ ?ia4-2lM fmij. 
1 1* Hu. J. rt cTihalipn q r (fct jwttahj w liK tamd f- uxjdil^ 

a Hudy,ILa.,CvmwtC£.U,lS.ftH»rit«Ti t Kitireti^ 

Jl>«»&3;tei ot maivK ens • B cdk /msrhiwi for. tJj^ * U9> { 
tX Tasta, M- ^dfrtaa rfHSxtak hifmi ffTibnailiaM fcpfariux ijtoil moddt m h ujT;M ^I hi ml 

R Cobciv L ft Ebetlmt, R. A. Ijn- tad jtt Hftjk par 

It. Kin™, ft. L Sromithqha «Tthm«i««t MJ-^ Utk). 

17. Oiaiv a rt III A n»«ie wiUi B aft M iKiiftjt 

I*. Sintbuit P. H. The hiBptfl ptj*^ SamtDWBrat £uiv^ 

2J1. Wofi]r,ftft5onii^W. LSo=ocbW Rwbmu of ioitrinuaiusiiy iaHJtB/NIW FT nxkr^^ 
n»i*<fomlwliWr*atJt<j:£jp.Moi j6l,^7i-JJItt9a5)L 

I We ihink a Wo&jr, R. Bram and A. Ncijcn for bdpftd diiruiiiKu; Wigpt, L WBcoi, 

a. Hwutn, I Laimt. C Bosnict, £. Bayna ifld M. Ciputo for gfntraiion *nif ussiysa of 

lrtnjg£nk*ftjnuteATiwrtOTd,RSbct,T.E«kow5UN-^ 
I K, Dc JongluK, Swiderd: and }. Fonnom for pratdnpurifiadoti ind itiiJyiift I Volpont 

andS^McMOkn forEcneratianofantibodjrrtssimtjand imrdevdopjnisiUiwidCBnreil 

for biruKnE ttudic* uibi^ iTNM. 

Coniapondnjce intJ rajiiiM far milcrials iKouId bt iddTHJi^ 



Ttansmembrane phosphopnrtein Cbp 

regulates the activities 

of Srofamity tyrosine kinases 

Siasamro Kawaboefih^ Yoshtoort Saton^t^ Tosftlfcml TaJtaot, 
Tastrts«go SitanmlshJt, ^eyaW Hada i Xatsuya Hagaf , 

Divishm of* Pnitin hfefahlam and t Or^amc Chantstry, Institute for Prptctn 
Raarch, Osaka Unhrmityr 3-2 Yairuidaokji, Suita, Osaka 565^0371 Japan 
t Dcpanmtnt of CeU Membrane Btohgy. Divisian vfBialogicai 5aen«, 
Imtitutt afSciattifk and Jndimwi Reiearth, Outhi Univmiry, 3- J Mihospoht 
/twfflH Osaka 5S7-W47, Japan 

S Labomioryfhr Lymphpcyte Si^l'm^ Insnnite far Cmma, Vnivmiry of 
ahpiz, Weytriat 12L 0^3093! Cologne, Germany 
3 That authors anttributed equaUy to this work. 



The Src femiiy of protein tyrosine kinasrs (Six-PTKs) is Impor- 
Unt in the regulation of growth and differtntiBtioii of enkaryotic 
cell5. The activity of Src-PTKs in cdls of ttifferwit types is 
negatively cotitroHed by Oik, which spedfica% phosphoryiates 
a coascn^d regulaiory tyrosine residue at the carboxy-icrmkal 
tail of the Src-PTICs'-\ Csk is mainly cytoplasnwc and Src^PTKs 
are predominantly membnuie-assodaied. This raises a qiiestion 
about the mechanism of mtcraction between these enzymes. Here 
we present Chp—a transmembnme phosphoprotein that is ubi- | 
quilously expressed and binds spedficaliy to the SH2 domain of 
Csk. Cbp is involved in the membrane locaJlzation of Csk and in 
the Ok^ntediated inhibitjon of c-Src: In the plasma membrane 
Cbp is eadusivdy localised In the GMI gangHoside^inrichtd 
detej^tnl-inso!nble membrane domain, >^ich is important in 
rcorptor-mediated iignalling*^. These findings reveal Cbp as a 
rtew component of the regulatory mcchamsm controlling tlic 
activity of naembrane-assodated Sk-FIKs. 

The ability of Csk to relocate &om the cytosoi lo the plasma , 
membrane' and the involvemem of the SH2 and/or SH3 domains of | 
Okm iJjhibitingof SK'FTKs'^" indicate she existence of a piasmii- 
mcmbrane-assodated, Csk-binding molecule thai mediates the 
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Rffum 1 Csit asswaaSon wilJi the DIM-lccali^ pJwjspf^Jproteii. a, Asscctatsjn oi Cs* 
v#i At BGK~90K plUBpJiopnitEin in ral bmin 
Csk. wTlh w witM fEcombsiant CA {rCs^ 

iminunQprecplstES pP) vsem aitaJysed by tmrjiumtfatting 0S) wiSt artj-py or anti-C* 
Worn), b. ftEdomli^am teafelion C6p in ttie DIM fTBCtioa "Pie Trilon X-lOO 
oonlamrng brain vssm fractiDnalfiti^. ATiquots trf the fi^dions wetb fE3)^eI^ Sy 
SOS-PAGE and analysed hf immunohlollirtB vviJft antiiJY, anfi-Csk, an^Fyn and me B- 
sidiunH of chofera Jmin (tlDQ. 
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